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(54) Method for connecting optical fibers 

(57) Methods for connecting two optical fibers hav- 
ing different mode field diameters ((MFD) with low con- 
nection loss is proposed. One method comprises steps 
of preparing the third fiber (Fiber 3), a short length and 
MFD being smaller than that of the first fiber (Fiber 1) 
and larger than that of the second (Fiber 2), connecting 
the Fiber 1 to 3, connecting Fiber 2 to 3, and increasing 
MFD of Fiber 3 near the part connected or to be con- 



nected to Fiber 1 , or MFD of Fiber 2 near the part con- 
nected or to be connected to Fiber 3 by heating the cor- 
responding part. The other method comprises steps of 
preparing a short length Fiber 3 having smaller MFD 
than that of Fiber 1 , increasing MFD of Fiber 3 near the 
part to be connected to Fiber 1 by heating the corre- 
sponding part, and then connecting Fiber 1 to 3, and 3 
to 2 in that order. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a method for connecting an optical fiber having a large Mode Field Diameter 
(MFD) to an optical fiber having a small MFD. 

10 Related Background Art 

[0002] High-speed communications utilizing a 1 .55 urn wavelength band via conventional optical transmission lines 
having a zero dispersion wavelength in a 1 .3 ujti wavelength band have been put to practical use. In such a case, 
optical fibers having a negative dispersion at 1.55 u.m have been inserted, as dispersion compensating fibers, in the 
15 midsections of the optical transmission lines, so that the overall chromatic dispersion of the optical transmission lines 
can be reduced. MFDs of the dispersion compensating fibers are smaller than those of the optical fibers having a zero 
dispersion wavelength in a 1 .3 u.m wavelength band. 

[0003] In the case in which two optical fibers having different MFDs are connected together, connection loss increases 
if the optical fibers are merely bonded to each other. Accordingly, methods for reducing connection loss as disclosed 

20 jn Japanese Patent Nos. 2618500 and 2951562 have been known in the art. According to the method disclosed in 
Japanese Patent No. 2618500, optical fibers having different core diameters are fusion-spliced together at first. Then, 
one of the optical fibers having a smaller core diameter is heated at a part near the spliced part, so that a dopant, 
contained in a core portion of the optical fiber, can be diffused and the difference of core diameters reduced. 
[0004] Further, in Japanese Patent No. 2951562 ; is described a method for connecting a dispersion compensating 

25 fiber to a single mode optical fiber, with a low connection loss. According to this method, a dispersion compensating 
fiber is spliced to a single mode optical fiber via an intermediate optical fiber having MFD that is approximately the 
same as that of the dispersion compensating fiber. Then, an end portion of the intermediate optical fiber having been 
spliced to the single mode optical fiber is heated so that the MFD thereof can be increased to become the same as 
that of the single mode optical fiber 

30 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide a method for connecting optical fibers having different M FDs 
with a low connection loss. 

^35_ [0006] In order to achieve this object, according to one aspect of the present invention, a method for connecting 
r £ optical fibers includes the steps of preparing a third optical fiber having a short length and whose MFD is smaller than 
that of a first optical fiber and larger than that of a second optical fiber; connecting the first optical fiber to the third 
optical fiber; connecting the second optical fiber to the third optical fiber; and increasing at least one of the MFD of the 
third optical fiber near the part connected or to be connected to the first optical fiber and the MFD of the second optical 
40 fiber near the part connected or to be connected to the third optical fiber by heating the corresponding part. 

[0007] In the present invention, "an optical fiber having a short length" means such a fiber having a length of about 
0.1 through 10 m ( and is not for extending the length of a transmission line. 

[0008] The step of increasingthe MFD may be performed before or after the steps of connecting the first optical fiber 
to the third optical fiber and connecting the second optical fiber to the third optical fiber. 

45 [0009] Another method for connecting optical fibers is also proposed that includes steps of preparing a third optical 
fiber having a short length and an MFD smaller than that of the first optical fiber; increasing the MFD of the third optical 
fiber near the part to be connected to the first optical fiber by heating the corresponding part; and connecting the first 
optical fiber to the third optical fiber, and the third optical fiber to the second optical fiber in that order. 
[0010] The above and further objects and novel features of the present invention will be more fully clarified from the 

so following detailed description when the same is read in connection with the accompanying drawings. It is to be expressly 
understood, however, that the drawings are for the purpose of illustration only and are not intended as definitions of 
any limit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0011] 

Figures 1A through 1C are side views of optical fibers which are connected together by a method for connecting 
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optical fibers according to one embodiment wherein Ro 1A 

shows a state after the splicing and before heatinZ 9 3 State before a «P**<g process Ro , B 

Figures 2A through 20 are Z vh^SS " d 1C *«» a state after, he Seating pro es 
opto, ftbers according to another embodiment 2S?2 5 ST*? ,<>9e,her by 3 me,hod * ^5 
2B showsa state after a heating and before a so eTnoZl^ ' ^ WS 3 St3te before a connecting process Fio 
Ftgures 3A through 3C are side views S£25S2f« 2C Sh ° WS 3 state the sp^ng p 0C e ' 
opftcal fibers according to another embodimS 5SJ2 3A hT^ ,096,her by 3 « ,or «X) 

DESCR,PT,ON OF THE PREFERRED EMBODIMENTS ' 
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First optical fiber 
Second optical fiber 
Third optical fiber 



Table I 
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-mate ly the same at each of the spliced parT S< ^ MF ° S ° f ,he 0p > osi " a «"« can be made Tpprox- 

L L ^XSX^^X connection 
connected as described above was 0 3 oB afT^S ^ embod,rnent . »» oonnection foss in the optica Serslus 
the firs, optica, fiber 1 and that emitted ^elZZZlT? T f ™ "-5 5l o 

fbera themselves. The loss duetothe optical SISSS^J'T*' and ^ includes the due to the opto, 
^connection losses occurring at the spCpT " ^ ' gn ° red beC3U8e * is "* W sma.l «*SS 
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loss in the first embodiment. 

[0021] In this embodiment, thethird optical fiber 3 whose MFD is between those of the first optical fiber 1 and the 
second optical fiber 2 is used. Thus, the extent to which MFDs must be increased are small compared as the method 
disclosed in Japanese Patent No. 2951562, in which optical fibers having considerably different MFDs are connected 
5 together. Accordingly, the time necessary for completing the connection can be reduced, facilitating operations thereof. 
In addition, heating time can be shortened and heating temperature can be maintained low, so bending of the optical 
fibers can be prevented as well as the increase of bending loss. 

[0022] Next, the second embodiment will be described. MFDs of optical fibers which are connected together by 
applying a connecting method according to the second embodiment are similar to those in the first embodiment. So, 
10 Fig. 1 will be referred in the following description. 

[0023] MFD. chromatic dispersion, and dispersion slope of the first optical fiber 1 through the third optical fiber 3 are 
shown in Table II. 



Table II 





MFD (jim) 


Chromatic dispersion (ps-nm- 1 «knr 1 ) 


Dispersion slope (ps-nnr 2 -knr 1 ) 


First optical fiber 


11 


20 


0.06 


Second optical fiber 


4 


-15 


0.01 


Third optical fiber 


7 







20 ~ ~~ ~ ~ "~ ' ~ " ~ ' 

[0024] The MFDs shown in Table II are those before a heating process, in which they are increased. In addition, in 
this embodiment, the first optical fiber 1 is a SMF. and the second optical fiber 2 is an optical fiber to be used for Raman 
amplification. The method for connecting optical fibers used in this embodiment is the same as that used in the first 
embodiment. 

25 [0025] Accordingly, as shown in Fig. 1C, at each of the spliced parts, the MFD of optical fiber having the smaller 
MFD is increased, and the MFD of the opposing optical fiber is made approximately the same. Thus, connection loss 
can be reduced at each of the spliced parts. In this embodiment, connection loss in the optical fibers was 0.5 dB at 
1,55 um. 

[0026] For the purpose of comparison, connection loss in the case where MFDs had not been increased was also 
30 measured. The connection loss was 1 .5 dB, which was larger than that in this embodiment. In addition, connection 

loss in the case where the first optical fiber 1 and the second optical fiber 2 had been directly connected together by 

arc discharge without using the third optical fiber 3 interposed therebetween, nor increasing MFD was also measured. 

The measured connection loss was 2.1 dB, which was also larger than the connection loss in this embodiment. 

[0027] In this embodiment, the third optical fiber 3, whose MFD is between those of the first optical fiber 1 and the 
35 second.optical fiber 2 is used. Thus, the extent of required increase of the MFD in each fiber is small compared to the 

method disclosed in Japanese Patent No. 2951562, in which optical fibers having substantially different MFDs are 

connected together Accordingly, the time necessary for completing the connection can be reduced and operations 

thereotcan be facilitated. In addition, the heating time can be shortened and heating temperature can be maintained 
-low, so bending of the optical fibers can be prevented as well as the increase of bending loss. 
40 [CU28] Next, the third embodiment will be described. Figure 2A to 2C show side views of optical fibers which are 

connected together by applying a connecting method according to this embodiment. Dotted lines in the figures show 

the MFDs of the optical fibers. 

[0029] As shown in Figs. 2A to 2C, a first optical fiber 1 and a second optical fiber 2 are connected together with a 
short length third optical fiber 3 interposed therebetween. The optical fibers are the same as those used in the first 
embodiment. 

[0030] In this embodiment, before optical fibers are connected together, an end of an optical fiber having a smaller 
MFD than the other at each connecting part Is heated with a gas burner so that the MFDs at the respective connecting 
parts become approximately the same in advance. More specifically, the end portion of the third optical fiber 3 to be 
connected to the first optical fiber 1 have been heated so that the MFD thereof can be increased to become the same 
50 as that of the first optical fiber 1 . Similarly, the end portion of the second optical fiber 2 to be connected to the third 
optical fiber 3 have been heated so that the MFD thereof can be increased to become the same as that of the part in 
the third optical fiber 3 which has not been increased. 

[0031] Then, the first optical fiber 1 and the third optical fiber 3, and then the third optical fiber 3 and the second 
optical fiber 2 are fusion-spliced together by arc discharge at each connecting part. Since the MFDs of the optical fibers 
55 have been made approximately the same at each of the connecting parts in advance, connection loss can be reduced 
at each of the spliced parts. Thus, in this embodiment, connection loss was 0.25 dB at 1 .55 um in the optical fibers 
which were connected as described above. 
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• tat optical fiber 1 and the second J££ 2 Sd!reT " °' ' 5 dB ' Which was j " «• case in which he 
the comparative examples for the first embodiment P, 1 ^ '° 9etner as de *=ribed above wit resoec n 

than that in the first embodiment. InlTSJZi^^?^ "> SS * S 
the second optical fiber 2 must be increased to the MFDs of Z ^r h SP " Ced PadS of the third °P«cal «ber 3 and 
ophcal fiber 3, respectively, which are increased to some eiln! E k T" °' ^ " rSt ° PtiCal fiber 1 and the .hi d 

oSb i r; tras /- ? ,his embodirn6m ' me ^r;s mfd °! hsat appiied in the «S 

op heal fiber 2 have to be increased is small as compared wft m«f 1 * r 6 th ' rd optical fiber 3 and the second 
o the second optical fiber 2 and the third optical in I L^S h embodiment - T ^refore, MFD varies ' 
of connection loss due to a sudden chanae of ft- MPn 1 on 9 rtud,n al d.rection can be reduced and an increLf 
[0033] Also in this embodiment, thTS op £ Ss SiS^^ ^ be SUppres * d 
the second optical fiber 2 is used Thus the extent^ I ' S betWeen ,hose of »» first optical fiber 1 and 
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S.m,larto the f.rst embodiment, the first optical r,ber ta ^l\S ^ ° Ptical ,iber) 
d lS pers,on and the dfcpersion s.ope of the second optca,^ 2 have—' ° P *" * 3 DCR The ch « 
1 , that is, negative signs. In addition, the chromatic dteoVrs ion a L rhfn PP te S ' 9 " S t0 those of the first °P«cal fiber 
Tm!^ T 38 th ° Se °' the second °P«cal fiber 2 *° d " SPe,S,0n slope of the ™« opdeal fiber 3 have 

connecting process. ' nCreaSed t0 become »• same as that of the first optica, fiber 1 before^ 

and the third optical fiber 3 have been made me samlTl 1,09 ^ Since the MFDs °' the first opScal Em 
be reduced at each of the spliced partT In m e , 0U rth lln^T ^ P ** M in advan <». ~nneX* can 
STS ".f 680 ^ ab ° Ve was °-3 d B an S emb0d,ment ' -"—n 'ess in the opfca, fibers Thich w^ 

~ d °-^^^ 

connection loss was also measured in £ ^ whenThet 'Ta ' B " t ,hiS «*•*"•*■ In S£ 
d rec,,y connected together by arc discharge without us n ^tShS ' f ^ ^ S6COnd 0ptlcal fiber * been 
ured connection loss was 1 5 dB at 1 55 ,. m J.T k 9 d 0pl,ca) fiber 3 interposed therebetween Tho m« 
[0040] Next, the fifth embodiment SE^S^S' ?" ^ - b c^em. be,Ween ' ^ n ~ " 
applymg a connecting method according to - ° ° Pt ' Cal *"* Which are connected together bv 

mTZ e z^T^r to ' i ^° c s,m ar ,0 those in *• firel embodinient ' 

third o pUcal ,L™^^^ temSootL^l 9 T" d ^ fB " r2 8re °° nn «** together with a 

he firs, optica, fiber 1 and the second opticalfiber 2 The MFD ehrom/i h- ' 9n9lt ' 1 fibar * used, or con ^ ng 
three fibers are shown in Table IV. * MFD| chrom at 1C d.spersion, and dispersion slope of these 
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Table IV 





MFD (urn) 


Chromatic dispersion (ps-nnr 1 -knr 1 ) 


Dispersion slope (ps-nnr 2 .knr 1 ) 


First optical fiber 


11 


17 


0.06 


Second optical fiber 


5 


-100 


-0.34 


Third optical fiber 


7 







As shown in Table IV, the relationship of MFDs in the first optical fiber 1 , the second optical fiber 2, and the third optical 

10 fiber 3 can be expressed as: 

(MFD of First optical fiber) > (MFD of Third optical fiber) > (MFD of Second optical fiber) 
In this embodiment, the first optical fiber 1 is a SMF having a matched-clad refractive index profile and a zero dispersion 
wavelength in the 1 .3 urn wavelength band, and the second optical fiber 2 is a DCF having a W-shaped refractive index 
profile Therefore, the chromatic dispersion and the dispersion slope of the second optical fiber 2 have opposite signs 

15 to those of the chromatic dispersion and the dispersion slope of the first optical fiber 1, that is, negative signs. In 
addu on the third optical fiber 3 is an optical fiber having a matched-clad refractive index profile, and its length is 2 m. 
[0042J in this embodiment, the first optical fiber 1 and the third optical fiber 3, and then the third optical fiber 3 and 
the secend optical fiber 2, are fusion-spliced together by arc discharge at each connecting part. Then, one of the optical 
fibers navirg a smaller MFD than the other is heated with a gas burner at the spliced part to increase the MFD thereof 

20 so that it becomes the same as that of the other optical fiber. In this embodiment, connection loss in the optical fibers 
which were connected as described above was 0.3 dB at 1 .55 urn. 

[0043] For the purpose of comparison, connection loss was also measured in the case when the first optical fiber 1 
and the second optical fiber 2 had been simply fusion-spliced together with the third optical fiber 3 interposed there- 
between and the heating had not been performed for making MFDs same. The connection loss was 1 .3 dB at 1 .55 
25 urn. This shows the fiber connection method according to this embodiment had superior transmitting characteristics. 
In addition, connection loss was also measured in the case when the first optical fiber 1 and the second optical fiber 

2 had been directly connected together. Connection loss was 1 .5 dB at 1 .55 ujti, which was also larger than that in 
this embodiment. 

[0044] Further, connection loss was also measured, which was in the case in which the first optical fiber 1 and the 
30 second optical fiber 2 were directly connected together and the MFDs thereof were made same by heating process. 
The connection loss was 1 .3 dB at 1 .55 u,m. For matching the MFDs of the first optical fiber 1 and the second optical 
fiber 2 which are directly connected together, the second optical fiber 2 is heated with a gas burner so that the MFD 
of its spliced part may be increased to become the same as that of the first optical fiber 1 . However, since the second 
optical fiber 2 has a W-shaped refractive index profile, a cutoff wavelength of fundamental mode becomes closer to 
35 1 .55 urn wavelength band, namely, operating wavelength band, depending on the increase of the MFD. Thus, loss is 
increased due to the influence of the cutoff wavelength, and connection loss is reduced only by a little (in the above- 
described case, from T.5 dB to 1.3 dB). Accordingly, sufficient reduction of connection loss can not be achieved. 
[0045] Accordingly, in case in which cutoff of fundamental mode occurs. at either one of the first optical fiber 1 and 
the second optical fiber 2, an optical fiber used as the third optical fiber 3 disposed between the first optical fiber 1 and 
40 the second optica! fiber 2 is preferably such that it does not allow the cutoff of the fundamental mode to occur in itself 
and its MFD is close to that of the optical fiber at which the cutoff occurs. 

[0046] In this embodiment, the difference between the MFDs of the second optical fiber 2 and the third optical fiber 

3 is 2 u,m, and is smaller than the difference between those of the first optical fiber 1 and the second optical fiber 2, 
which is 4 urn. Thus, the heating time needed for making MFDs same at the spliced parts of the second optical fiber 

4 * 2 and the third optical fiber 3 can be shorter than the time needed at the spliced parts of the first optical fiber 1 and the 
third optical fiber 3. Accordingly, the MFDs can be made almost same without causing cutoff wavelength of the second 
optical fiber 2 to influence the characteristics at the operating wavelength, and connection loss can be reduced. 
[0047] On the other hand, since both the first optical fiber 1 and the third optical fiber 3 are matched-clad optical 
fibers, cutoff of fundamental mode does not occur. Accordingly, even when the heating to make MFDs same is per- 

50 formed for a relatively prolonged time, an increase of connection loss does not occur. 

[0048] Next, the sixth embodiment will be described. Since the relationship among MFDs of optical fibers which are 
connected together by applying a connecting method according to this embodiment is similar to those in the fourth 
embodiment, this embodiment will be described with reference to Figs. 3A to 3C. 

[0049] As shown in Figs. 3A to 3C, a first optical fiber 1 and a second optical fiber 2 are connected together with a 
55 third optical fiber 3 interposed therebetween. The third optical fiber 3 is a short length optical fiber to be used for 
connecting the first optical fiber 1 and the second optical fiber 2. MFD, chromatic dispersion, and dispersion slope of 
ths of these three fibers are shown in Table V. 



BNSDOCIO: <EP 1184893A2_I_> 



7 



EP1 184 693 A2 



First optical fiber 
Second optical fiber 
T "ird optical fiber 



MFD (nm) 



. Table v 

_Chromatic dispersion (p S .nml -km-i) 



Dispersion slope (ps-nm ^-i) 



0.06 
-016 
0.09 
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Claims 

1 . A method for connecting a first optical fiber to a second optical fiber having a mode field diameter which is smaller 
than the mode field diameter of the first optical fiber, the method comprising the steps of: 

5 

preparing a third optical fiber having a short length and a mode field diameter which is smaller than the mode 
field diameter of the first optical fiber and larger than the mode field diameter of the second optical fiber; 
connecting the first optical fiber to the third optical fiber; 
connecting the second optical fiber to the third optical fiber; and 
io increasing at least one of the mode field diameter of a part of the third optical fiber near a portion connected 

to or to be connected to the first optical fiber and the mode field diameter of a part of the second optical fiber 
near a portion connected to or to be connected to the third optical fiber by heating. 

2. A method for connecting a first optical fiber to a second optical fiber having a W-shaped refractive index profile 
*5 and a mode field diameter which is smaller than the mode field diameter of the first optical fiber, the method 

comprising the steps of: 

preparing a third optical fiber having a short length and a mode field diameter which is smaller than the mode 
field diameter of the first optical fiber and larger than the mode field diameter of the second optical fiber; 
20 connecting the first optical fiber to the third optical fiber; 

connecting the second optical fiber to the third optical fiber; and 

increasing at least one of the mode field diameter of a part of the third optical fiber near a portion connected 
to or to be connected to the first optical fiber and the mode field diameter of a part of the second optical fiber 
near a portion connected to or to be connected to the third optical fiber by heating. 

25 

3. A method for connecting optical fibers in accordance with one of Claims 1 and 2, wherein the step of increasing 
the mode field diameters is performed after the step of connecting the first optical fiber to the third optical fiber and 
the step of connecting the second optical fiber to the third optical fiber. 

30 4. A method for connecting optical fibers in accordance with one of Claims 1 and 2, wherein the step of increasing 
the mode field diameter is performed before the step of connecting the first optical fiber to the third optical fiber 
and the step of connecting the second optical fiber to the third optical fiber. 

5. A method for connecting a first optical fiber to a second optical fiber having a mode field diameter which is smaller 
35 than the mode field diameter of the fj;st optical fiber, the method comprising the steps of: 

preparing a third optical fiber having a short length and a mode field diameter which is smaller than the mode 
field diameter of the first optical fiber; 

increasing the mode field diameter of a part of the third optical fiber near a portion to be connected to the first 
40 optical fiber by heating such part; and 

connecting the first optical fiber to the third optical fiber, and the second optical fiber to the third optical fiber. 

6. A method for connecting a first optical fiber to a second optical fiber, having a W-shaped refractive index profile 
and a smaller mode field diameter than the mode field diameter of the first optical fiber, the method comprising 

45 the steps in the sequence of: 

preparing a third optical fiber having a short length and a mode field diameter which is smaller than the mode 
field diameter of the first optical fiber and approximately the same as the mode field diameter of the second 
optical fiber: 

so increasing the mode field diameter of a part of the third optical fiber near a portion to be connected to the first 

optical fiber by heating such part; and 

connecting the first optical fiber to the third optical fiber, and the second optical fiber to the third optical fiber. 

7. A method for connecting optical fibers in accordance with one of Claims 1 , 2, 5 and 6, wherein a chromatic dis- 
ss persion and a dispersion slope of the first optical fiber having opposite signs to a chromatic dispersion and a 

dispersion slope of the second optical fiber at operating wavelength. 

8. A method for connecting optical fibers in accordance with Claim 7, 
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wherein ,h e operating wave.engtr, is 1.55 „m. 
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FIG. 1A 

FIG. IB 
FIG. 1C 



FIG. 2A 

FIG. 2B 
FIG. 2C 
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FIG. 3A 
FIG. 3B 

FIG. 3C 
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(54) Method for connecting optical fibers 

(57) Methods for connecting two optical fibers (1 ,2) 
having different mode field diameters ((MFD) with low 
connection- loss is proposed. One method comprises 
steps of preparing the third fiber (3), a short length and 
M FD being smaller than that of the first fiber (1 ) and larg- 
er than that of the second (2) : connecting the fiber 1 to 
3, connecting fiber 2 to 3, and increasing MFD of fiber 



3 near the end connected or to be connected to fiber 1 , 
or MFD of fiber 2 near the end connected or to be con- 
nected to fiber 3 by heating the corresponding part. The 
other method comprises steps of preparing a short 
length fiber 3 having smaller MFD than that of fiber 1 , 
increasing MFD of fiber 3 near the end to be connected 
to fiber 1 by heating the corresponding part, and then 
connecting fiber 1 to 3 : and 3 to 2 in that order. 
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